The agate dyeing industry has been commonly seen as a high-pollution industry. Dyeing wastewater treatment is considered one of the most important categories for water-pollution control, because of its intense colour and the high concentration of organic contaminants. Most dyes used in the process present minimal biodegradability due to aromatic organic compounds in their structure. Using a photocatalytic reactor, experiments were carried out to study the decolorization of a water solution containing 8% ethylic alcohol and 200 mg L −1 of the dye Rhodamine B (RhB), the most difficult colorant to degrade among the used by the agate industry. The best conditions were further applied to treat the same agate water/ethyl alcohol solution containing a mixture of 200 mg L −1 of Rhodamine B (RhB), Crystal Violet (CV), Brilliant Green (BG), and Blood Red (BR). All the experiments were performed in a 2 L reactor equipped with ultraviolet (UV) lamps, at a wavelength of 365 nm, with powdered TiO 2 or ZnO as the catalyst. The results indicated that the optimal decolorization conditions were attained with 2.5 g L −1 of the catalyst at pH 10 and an irradiation time of 80 min. The process resulted in complete degradation of CV, BG and 80% -90% degradation of RhB and BR. The catalyst ZnO presented a performance somewhat better than TiO 2 . It is possible to conclude that the process of heterogeneous photocatalysis is effective for decolorization of water streams from the agate industry.
Introduction
In the state of Rio Grande do Sul, located in the southern region of Brazil, there is a great occurrence of agate which is marketed worldwide [1] . Agate is a porous gemstone, commonly dyed to increase its value in the stone market [2] - [7] .
Natural and artificially coloured agate plates are shown in Figure 1 .
Agate geodes are treated and stained to produce handmade artefacts and jewelry that greatly increases their aggregate value. Unit operations involve storage, sorting, cutting, crushing, dyeing, polishing, washing, and finishing. Organic dyes used in this process present high colour intensity, minimal biodegradability and toxic effects. Wastewater generation is inevitable and, given the growing number of small-sized companies that process the stones, environmental discharge of such wastewaters is the cause for public concern [8] . Environmental legislation in the state of Rio Grande do Sul determines that, in order to dispose an effluent, it must comply with Resolution CONSEMA 355 of 2017 that states, among other parameters, that the effluent should not alter the natural colour of the receiving water body [9] .
Conventional chemical treatment used by the agate industries to treat its effluents, such as sodium hypochlorite oxidation, despite of its low cost and ease of operation, performs poorly at it. Organic dyes are not completely oxidised by NaClO and many degraded compounds were found in the treated effluent, including organochlorides [10] . Other oxidation process is being suggested as an alternative to increase the treatment performance, such as ozonisation [11] and the Fenton's Reaction [12] .
Like the Fenton's Reaction, heterogeneous photocatalytic decolorization is an advanced oxidation process (AOP) based in the generation of the hydroxyl radical (•OH), a chemical component with powerful oxidising potential. Heterogeneous photocatalysis is attractive since the process can be conducted using a low cost catalyst, such as TiO 2 and ZnO along with UV radiation that could be furnished by a renewable energy source [13] [14] [15] . In this study, heterogeneous photocatalysis was tested to degrade the dyes present in a water/ethyl alcohol solution. Initially, the studies were conducted with Rhodamine B, considered the most difficult colorant to degrade among the used by the agate industry. The 
Materials and Methods

Reagents, Materials and Effluents
The dyes were supplied by Merck™ Brazil in order to provide the following col- 
Photooxidation Experiments
All the experiments were performed in a 2 L capacity reactor equipped with UV lamps, at a wavelength of 365 nm [16] . .
The absorbance in the maximum wavelength (λ max ) was measured using a UV-Vis spectrophotometer (Shimadzu™ UV 1800), each dye being determined at a specific maximum wavelength in the same analysis, (RhB = 555; CV = 580; BG = 618 and OB = 460 nm). The absorption spectrum for the dye solutions ranging between 300 and 700 nm is shown in Figure 4 . Calibration curves were performed in a concentration range of 0 to 20 mg L −1 for the dyes in an aqueous solution and its parameters are expressed in Figure 5 .
Results and Discussion
The oxidation rates and efficiency of the photocatalytic system UV/TiO 2 and UV/ZnO depend highly on the number operation parameters that govern the kinetics of the discoloration. Some of these parameters are temperature, pH, concentration of the solid semiconductor, and light incidence time. These parameters either raise or reduce the reaction rate depending on the pollutant's structural complexity and hydrophobic tendencies [17] . It has been reported that minor incremental changes in temperature do not significantly affect the rate of the photocatalyst and on the ionization state of the organic compound. Hence, the adsorption of positively charged organic compounds is facilitated at a basic pH, while that of negatively charged species is favorable at an acidic pH. Therefore, it is difficult to standardize the pH conditions for the degradation of a specific class of organic compounds. It is recommended that appropriate pH control strategies be implemented at every different condition of a photocatalytic water treatment process in order to get an efficient photocatalytic reaction [14] [20]. Figure 6 The concentration of the photocatalyst is another critical parameter that determines the degradation rate of any organic compound [23] as it relies upon the volume of the solution being treated and the initial concentration of the organic compound. It has been widely observed that the degradation rate increases with an increase in catalyst loading. This is due to the availability of more active catalyst sites at higher concentrations, which results in the generation of more hydroxyl species. However, when such load is increased beyond an optimum value, there is no appreciable increase in the degradation rate. This is due to fact that catalyst particles scatter light, reducing the effective light intensity reaching the bulk reaction solution. In the literature, 0.4 -3.5 g L −1 of catalyst has been used for the photocatalytic degradation of different organic compounds [24] . , but the best efficiency was achieved with 2.5 g L −1 for both TiO 2 and ZnO. These results are close to those obtained by Sivalingam et al. [25] that observed that the . In the work of Ahmed et al. [15] the concentration of reactive yellow dye treated was 50 mg L other processes, such as ozonation or adsorption to improve the water quality parameters of discharge or even to allow water reuse in its own system.
Conclusion
The aqueous/ethyl alcohol solutions of Rhodamine B and the composition of 
